Interaction forces between two objects occur in many other situations besides collisions. For example, suppose a small car pushes a truck with a stalled engine, as shown in the picture. The mass of object 1 (the car) is much smaller than object 2 (the truck).
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NEWTON'S THIRD LAW AND CONSERVATION OF MOMENTUM
Topic: Forces, impulse, momentum in 1D, and Newton's 3 rd law
Objectives:
• To study the forces between objects that interact with each other, especially in collisions • To examine the consequences of Newton's third law as applied to interaction forces between objects.
• To formulate the law of conservation of momentum as a theoretical consequence of Newton's third law and the impulse-momentum law.
• To explore conservation of momentum is one-dimensional collisions
Overview:
In the lab "Collisions in One-Dimension," you looked at the definition of momentum and examined the momentum changes that an object undergoes when it experiences a force that is extended over time (even if that time is very short). You also looked at the forces acting on a single object during a collision and examined the impulse momentum law, which compares the change in the object's momentum to the impulse it experiences.
Since interactions like collisions never involve just one object, we turn our attention to the mutual forces of interaction between two or more objects. This will lead us to a very general law known as Newton's third law, which relates the forces of interaction exerted by two objects on each other. Then you will examine the consequences of this law and the impulse-momentum theorem when they are applied to collisions between objects. In doing so, you will arrive at one of the most important laws of interaction between objects, the conservation of momentum law.
As usual you will be asked to make some predictions and then be given the opportunity to test these predictions.
Writing it up:
In this handout, you will be asked to perform calculations, analyze graphs and answer questions. It is strongly recommended that you do all the calculations and answer all the questions as you go through the experiment. This record is for your purposes only. You will not be graded on it. You will be graded on how well you understand the material covered in this lab, so you should do the entire activity, discuss the questions with your partners and take careful notes.
Note for the TA: This lab requires a lot of small parts and accessories (hooks, rubber bumpers, etc.). Before and after each lab, check each lab station to make sure the required hardware is there.
Notes about the force probes:
• Don't overload the force probes! The maximum push (or pull) the force probe can withstand is about 50 N.
• Zero the force probes before each data run. The force probe output drifts somewhat over time, so that the probe may not read zero when no force is applied.
Investigation 1: Forces between Interacting Objects
There are many situations where objects interact with each other, for example, during collisions. In this investigation we want to compare the forces exerted by the objects on each other. In a collision, both objects might have the same mass and be moving at the same speed, or one object might be much more massive, or they might be moving at very different speeds. What factors might determine the forces the objects exert on each other? Is there some general law that relates the forces the objects exert on each other? Is there some general law that relates the forces?
Activity 1-1: Collision Interaction Forces
What can we say about the forces two objects exert on each other during a collision?
Prediction 1-1: Suppose two objects have the same mass are moving toward each other with the same speed so that Predict the relative magnitudes of the forces between object 1 and object 2 during the collision. Place a check next to your prediction:
____ Object 1 exerts a larger force on object 2.
____ The objects exert the same size force on each other.
____ Object 2 exerts a larger force on object 1.
Prediction 1-2:
Suppose the masses of two objects are the same and that object 1 is moving toward object 2, but object 2 is at rest (i.e. 
Predict the relative magnitudes of the forces between object 1 and object 2 during the collision. Place a check next to your prediction:
Prediction 1-3:
Suppose the mass of object 1 is greater than that of object 2, and that it is moving toward object 2, which is at rest (i.e. 
Provide a summary of your predictions. What are the circumstances under which you predict that one object will exert a greater force on the other object?
To test these predictions, you can study collisions between two force probes attached to carts. You can add masses to one of the carts so that it has significantly more mass than the other. If a compression spring is available you can also study an "explosion" between two carts by compressing the spring between the two carts and letting it go.
1. Set up the apparatus below.
The force probes should be securely fastened to the carts. The hooks should be replaced by rubber stoppers, which should be carefully aligned so that they will collide head-on with each other. If the carts have friction pads, these should be raised so that they don't rub on the ramp. Make predictions for the interaction forces in the following situations, and then use the apparatus from Activity 1-1 to test your predictions. In each case, describe your observations and how you made them. Include copies of any graphs you make. Compare your predictions to your observations.
Prediction 1-4:
Suppose the mass of object 1 is greater than the mass of object 2 and the objects are moving toward each other at the same speed ( 
Prediction 1-5:
Suppose the mass of object 1 is much greater than the mass of object 2 and that object 2 is moving in the same direction as object 1, but not as fast ( ). Predict the relative magnitudes of the forces of interaction.
Prediction 1-6:
Suppose the object 1 is much greater than the mass of object 2 and that both objects are at rest until an explosion occurs ( Think of other physical situations with interaction forces between two objects that you can examine with the available equipment. Describe each physical situation completely. Draw a diagram. Predict the relative magnitudes of the two interaction forces. Then set up the apparatus and test your predictions. Describe your observations. Include any graphs you make. Compare your observations to your predictions.
Investigation 2: Newton's Laws and Momentum Conservation
Your previous work should have shown that interaction forces between two objects are equal in magnitude and opposite in direction on a moment by moment basis for all the interactions you have studied. This is a testimonial to the seemingly universal applicability of Newton's third law to interactions between objects.
